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dbstructed total anomalous pulmonary venous connec-
tion is one of the few true surgical emergencies in the
eld of congenital heart surgery. Almost all other anomalies
hould be stabilized before surgery with prostaglandin E1 or
n interventional procedure such as balloon septostomy for
ransposition. However, there are no palliative procedures
hat have been demonstrated to improve the status of the
ewborn with obstructed total veins. Thus, these children
ay arrive in the operating room profoundly hypoxic and
cidotic with compromised ventricular function. Further-
ore, postoperatively these children are likely to have ele-
ated pulmonary resistance even if a widely open pulmonary
ein anastomosis is achieved. Thus, it is essential that an
xpeditious and accurate operation be achieved with mini-
al insult to the myocardium in the form of ischemia or
etraction.
The “in situ” technique of repair illustrated in this article
llows the heart to remain in the pericardial well where it is
ooled by the surrounding deep hypothermic tissue. It also
voids the retraction of the myocardium, which is an essen-
ial component of the “eversion” technique, which is the
ommonly used alternative method to the “in situ” tech-
ique. The fact that the anastomosis is fashioned with the
ulmonary venous confluence and left atrium apposed as
hey will ultimately lie is a further advantage because the risk
f kinking or twisting of the anastomosis when the heart is
eplaced in the pericardial well is avoided. The principal
isadvantage of the technique is that it involves a long inci-
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doi:10.1053/j.optechstcvs.2006.09.002ion in both the right and the left atrium, which runs close to
he sinus node and crosses the crista terminalis with a risk of
nducing sinus node dysfunction.
esults of Surgery
efore the popularization of deep hypothermic circulatory
rrest in the early 1970s by Barratt-Boyes and Castaneda,
epair of total anomalous pulmonary venous connection
TAPVC), particularly when obstructed, carried an extremely
igh mortality rate of greater than 50%. Between 1970 and
980, many centers reported mortality rates of between 10
nd 20%. In a report from Children’s Hospital Boston,1 127
atients underwent repair of TAPVC between 1980 and
000. Among the 86 patients with two ventricles, pulmonary
enous obstruction was present in 55%. Early mortality for
atients with two ventricles was 9%. Mortality for infracar-
iac TAPVC was 8%. Independent risk factors for early mor-
ality of the entire group were preoperative pulmonary ve-
ous obstruction (hazard ratio, 4.2) and single ventricle
hazard ratio, 4.1). Overall mortality was significantly asso-
iated with preoperative pulmonary venous obstruction and
ingle-ventricle anatomy. Postrepair pulmonary vein stenosis
ccurred in 8.7% of patients. This was associatedwith the use
f a nonabsorbable suture (P  0.005).
In a report from Children’s Hospital of Philadelphia in
002 of 100 patients who underwent repair of isolated
APVC between 1983 and 2001, overall hospital mortality
as 14%, decreasing from 19% before 1995 to 5% after
995.Multivariable logistic regression analysis demonstrated
hat associated chromosomal and noncardiac syndromes as
ell as pulmonary venous obstruction were significant pre-
ictors of overall health and school performance. Similar re-
ults have been reported by other groups.2,3
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perior pulmonary vein; SVC  superior vena cava.Figure 1 Anatomy and cardiopulmonary bypass setup. N
nection is most commonly of the infra-diaphragmatic ty
ance of the confluence, which is often only slightly gre
penetrating the diaphragm, the vertical pulmonary confl
the hepatic veins or inferior vena cava (IVC).
The ascending aorta is cannulated with a thin-walled
and venous drainage is via a single cannula placed in the
the ductus arteriosus is dissected free and ligated. Coo
begun, maintaining the pH stat strategy (addition of CO
inferior pulmonary vein; LSPV  left superior pulmona
RIPV  right inferior pulmonary vein; RSPV  right sueonatal obstructed total anomalous pulmonary venous con-
pe. The figure illustrates the typical “Christmas tree” appear-
ater in diameter than the individual pulmonary veins. After
uence most commonly joins either the portal venous system or
wire-wound cannula (typically 8 Fr in the usual size neonate)
right atrial appendage. Immediately after commencing bypass
ling to deep hypothermia at a flow rate of 150 mL/kg/min is
2) and hematocrit greater than 25%. Ao  aorta; LIPV  left
ry vein; MPA  main pulmonary artery; RA  right atrium;
288 R.A. JonasFigure 2 After 5 minutes or so of cooling so that the myocardial temperature is less than 25°C, the aortic cross-clamp is
applied and cardioplegia is infused into the aortic root. The aortic cross-clamp is applied before everting the heart from
the pericardium (Fig. 3) because retraction often causes kinking of the coronary arteries and, more importantly,
incompetence of the aortic valve. The resulting acute distention of the left ventricle can importantly interfere with
postoperative myocardial function. Ao  aorta; SVC  superior vena cava.
Total anomalous pulmonary venous connection 289Figure 3 With the heart gently everted from the chest, the descending vertical vein is dissected free from the overlying
pericardium. It is important that the myocardium be gently lifted and not crushed by excessive retraction using a
malleable retractor, for example. Some surgeons prefer to place a traction suture in the apex of the left ventricle for the
purpose of elevating the apex of the heart. IVC  inferior vena cava; RA  right atrium; SVC  superior vena cava.
290 R.A. JonasFigure 4 The descending vertical vein is ligated immediately above the diaphragm and is then divided cephalad to this.
Although some authors have recommended leaving the vertical vein open as a secondary means of egress of pulmonary
venous blood, it is our opinion that division of the vein allows for a more widely open and mobile anastomosis. Greater
pulmonary blood flow through the anastomosis may also be a stimulus for improved growth of the left atrium and
anastomosis.
Total anomalous pulmonary venous connection 291Figure 5 The heart has been replaced in the pericardial well. The remainder of the procedure is performedwith the heart
“in situ.” Cardiopulmonary bypass is discontinued and the venous cannula is removed. Cardioplegia is usually not
repeated in the neonate.
A right atrial incision is made as indicated. The incision is at the level of the foramen ovale and some distance below
the sinus node. The incision is carried posteriorly across the atrial septum at the level of the foramen ovale and
continues onto the posterior wall of the left atrium. LA  left atrium; RA  right atrium.Figure 6 The completed right atrial and left atrial incisions are illustrated. Note that the distal end of the left atrial
incision curves inferiorly so as to lie parallel to the filleted vertical venous confluence. When completing the left atrial
incision, it is important to note the position of the mitral valve and to maintain adequate clearance so that there is no
risk of injury to the circumflex coronary artery. LA  left atrium; RA  right atrium.
292 R.A. JonasFigure 7 The vertical venous confluence has been filleted open and lies adjacent to the left atrial incision. The
anastomosis will be fashioned between the toe of the divided venous confluence and the inferior extent of the left atrial
incision. LA  left atrium; LIPV  left inferior pulmonary vein; LSPV  left superior pulmonary vein; RA  right
atrium; RIPV  right inferior pulmonary vein; RSPV  right superior pulmonary vein.
Total anomalous pulmonary venous connection 293Figure 8 The anastomosis between the vertical venous confluence and left atrium is being fashioned using a continuous
6-0Maxon suture. Excellent exposure can usually be achieved. Bites in the tissue should not be particularly deep as this
will invert an excessive amount of tissue into the anastomosis. LA  left atrium; RA  right atrium.Figure 9 The atrial septum is closed with a small patch of autologous pericardium. This facilitates enlarging the volume
of the left atrium, which is usually quite small. RA  right atrium.
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